A simulation study was conducted to examine the effects of two types of newly developed plastic films and a fluid-roof cover (hollow-channeled polycarbonate structure with 1. 5%, CuSO4-water solution) on the air, plant and soil temperatures. Closed fluid-roof and ventilated plastic film greenhouses with moist soil were examined at different plant densities on hot sunny days. The results show that at high plant densities the ventilated plastic film greenhouse gave lower soil and plant temperatures than the closed fluid-roof. The plant temperature in the closed fluid-roof greenhouse was unacceptably high at high plant densities. Thus, the plastic films can be used in hot climates as an inexpensive substitute for the fluid-roof cover with complex structure. 
Nomenclatures
Alphabetic The greenhouse cover
The energy balance equation for the PFC is given by :
(
The hemispheric sky thermal radiation emitted from the atmosphere is a function of the spectral distribution of the black body intensity at ambient temperaand the spectral directional =0 .99) as follows :
The inside air
The greenhouse air was considered as a non-absorbing, non-emitting medium characterized by average temperature Ta and humidity The temperature and water vapor profiles in the greenhouse air were neglected. The energy and water vapor balance equations are given by :
where mT and mD are the mass of moist and dry air, respectively. Sensible heat Qv and water vapor Mv, associated with ventilation are given by .
The plant layer 
where A, is the surface area of the greenhouse soil.
The shaded leaves area Ash is given by :
The expected number of leaf layers under shading each having surface area equal to Ap is given by 
where qp is the emissive power per unit leaf area7).
The greenhouse soil
The soil depth affected by the energy exchange with the soil surface could be checked to be around 40 cm.
However, the soil temperature at a depth of 1 m is assumed to be constant at a value a lower boundary condition. The energy balance equation
for the first layer is given by7) :
where QD1 is the conductive heat transferred from the first to the next soil layer and is given by :
where the subscripts 1 and 2 refer to the top and second soil layers, respectively. The energy balance for the nth soil layer is given by : 
Materials and Methods
The plastic films used in this study were F-CLEAN -IRC film (Asahi Glass Green-Tech Co ., Ltd. Tokyo, Japan) and YXE -4 film (Mitsui Chemicals Inc.
Tokyo, Japan) . The long wave transmittance at normal incidence of these films and a plycarbonate sheet are shown in Fig. 2 . The average number of air exchanges (Na) was chosen to be 25 (h-1) , (i. e. (8) , (9) , (12) , (18) and (20) , simultainusely using the Predictor Corrector 
Results and Discussion
The abilities of the tested covers to transmit useful solar radiation (i. e. PAR) and to reduce the heat load by cutting-off the non-useful energy (i. e. NPAR) are illustrated in Fig. 3 -a and Fig. 3 -b, respectively.
PAR transmitted through PFCs are greater than through the FRC (Fig. 3-a) . At the same time, NPAR transmitted through the PFCs are much greater than through FRC (Fig. 3-h ) . This is due to the spectral transmittance characteristic of the FRC. Figs. 12 and 13 illustrate the time courses of RH and
Mp at LAI= 1. In the closed FRC greenhouse, RH at high plant density rapidly increases and reaches 100%.
In Fig. 12 , RH under PFCs is close to RH of the outside ambient due to ventilation effects. (iii) The PFC greenhouse with natural ventilation can be practical in a hot sunny climate.
